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DUH LQ QHHG RI FRQVLGHUDEOH GHYHORSPHQW LQ RUGHU WR DSSURDFK WKH VWDWHRIWKHDUW´ (OYLN E DQG
0RQWHOODKDYHFRQFOXGHGWKDWWKHHPSLULFDO%D\HVLDQPHWKRGVKRXOGEHDVWDQGDUGLQLGHQWLILFDWLRQ




6DIHW\ HIIHFWV RI URDG LPSURYHPHQWV DUH XVXDOO\ HVWLPDWHG EDVHG RQ DQ HVWLPDWH RI WKH QXPEHU RI
DFFLGHQWVLIWKHPHDVXUHZDVQRWLPSOHPHQWHGDQGWKHH[SHFWHGHIIHFWRIWKHPHDVXUH)RUPXOD

([SHFWHGDFFLGHQWVDIWHUPHDVXUH 7DUJHWDFFLGHQWV&0)    

ZKHUH WDUJHW DFFLGHQWV LV WKH H[SHFWHG QXPEHU RI DFFLGHQWV WR EH H[SHFWHG LQ WKH IXWXUHZLWKRXW WKH




DO  $ FOHDULQJKRXVH IRU &0) TXHVWLRQV LV DOVR DYDLODEOH RQOLQH +LJKZD\ 6DIHW\ 0DQXDO




SUREOHPDVVRFLDWHGZLWK WKHZRUG³IXQFWLRQ´²QDPHO\ WKHHIIHFWVDUHQRWDOZD\V WKHVDPHEXWKLJKO\
GHSHQGHQWRQWKHFLUFXPVWDQFHVDQGLPSOHPHQWDWLRQRIWKHPHDVXUH
1XPHURXV URDG VDIHW\ HYDOXDWLRQV DUH FDUULHGRXWZRUOGZLGH VR WKHUH DUHSOHQW\RI UHVXOWV DYDLODEOH
LQWHUQDWLRQDOO\+RZHYHUPDQ\RIWKHVWXGLHVDUHRILQIHULRUTXDOLW\DQGQRWDOOUHVXOWVDUHWUDQVIHUDEOH
$FFRUGLQJ WR )RUPXOD  WKH H[SHFWHG VDIHW\ HIIHFW GHSHQGV QRW RQO\ RQ WKH &0) EXW DOVR RQ WKH
H[SHFWHGIXWXUHQXPEHURIWDUJHWFUDVKHVDTXDQWLW\WKDWLVDOVRLQVXIILFLHQWO\NQRZQ,QVRPHFDVHVHUURUV
LQWDUJHWDFFLGHQWVFDQEHVXEVWDQWLDOHYHQPRUHVRWKDQWKHHUURUVLQ&0)3UREDEO\QRERG\XVHVD&0)




VKRXOGEHYHUVDWLOHDQG LQSDUWLFXODUVFLHQWLILFDOO\ZHOO IRXQGHG2WKHUZLVH LQHIIHFWLYH VDIHW\PHDVXUHV
PD\ EH LPSOHPHQWHG RU FRVWHIIHFWLYH PHDVXUHV PD\ QRW EH WKHUH DUH DEXQGDQW H[DPSOHV RI ERWK
)XUWKHUPRUH URDG VDIHW\ FRXOG IUHTXHQWO\ EH LPSURYHG DW QR H[WUD FRVW LI WKH VDIHW\ PHDVXUHV ZHUH
SURSHUO\VHOHFWHGDQGDOORFDWHG
7KLV SUHVHQWDWLRQ LQWURGXFHV WKH EDVLV DQG SULQFLSOHV RI WZR HYDOXDWLRQ WRROV DQG UHSRUWV RQ WKH
H[SHULHQFH RI XVLQJ WKHP LQWHUQDWLRQDOO\ 7KH ILUVW WRRO EDVHG RQ WKH (PSLULFDO %D\HVLDQ PHWKRG LV
GHVLJQHGWRHYDOXDWHFXUUHQWVDIHW\VLWXDWLRQDQGWKHVDIHW\HIIHFWVRIURDGLPSURYHPHQWV7KHVHFRQGWRRO
KHOSV LQ GHILQLQJ WKH VSHFLILF FKDUDFWHULVWLFV RI DFFLGHQWV DQG FRPSDULQJ WKHP EHWZHHQ FRXQWULHV ,W LV
XVHIXOLQGHILQLQJHIIHFWLYHVDIHW\PHDVXUHVLQHDFKFRXQWU\DQGLQHYDOXDWLQJWKHLUWUDQVIHUDELOLW\









IRU VHOHFWLRQRI ORFDWLRQV IRU VDIHW\ WUHDWPHQWV DQG  VDIHW\ HIIHFWV RI URDG VDIHW\ LPSURYHPHQWV WR











7$59$ LV EDVHG RQ WKH LGHD RI FRPELQLQJ LQIRUPDWLRQ RQ DFFLGHQW KLVWRU\ DQG DFFLGHQW SUHGLFWLRQ
PRGHOV XVLQJ WKH (%PHWKRG 7R FUHDWH DFFLGHQW SUHGLFWLRQ PRGHOV WKH URDG QHWZRUN LV GLYLGHG LQWR
KRPRJHQHRXVURDGVHFWLRQVDQGLQWHUVHFWLRQV$FFLGHQWSUHGLFWLRQPRGHOVDUHVLPSOHDVUHFRPPHQGHGE\
3HOWROD.XOPDOD	.DOOEHUJ)RUH[DPSOHRQURDGOLQNVZLWKQRLQWHUVHFWLRQWKHDFFLGHQWPRGHO




 )RU HDFK KRPRJHQHRXV URDG VHJPHQW WKH PRVW UHOLDEOH HVWLPDWH RI WKH DFFLGHQW QXPEHU LV
FDOFXODWHG IURP WKH QXPEHU RI DFFLGHQWV LQ WKH SDVW YHKLFOHPLOHDJH DQG WKH DYHUDJH DFFLGHQW UDWH LQ
UHVSHFWLYHFRQGLWLRQV ,QIRUPDWLRQDERXWDFFLGHQW KLVWRU\DQGDFFLGHQWPRGHO LV FRPELQHG LQD IRUPXOD
WKDW WDNHV LQWR FRQVLGHUDWLRQ WKH PRGHO
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7KHHIIHFWVRIWKHPHDVXUHVRQLQMXU\DFFLGHQWVDUHWKHQGHVFULEHGLQWHUPVRILPSDFWFRHIILFLHQWV
VDPH DV &0) 7KH LPSDFW FRHIILFLHQWV KDYH EHHQ REWDLQHG IURP WKH UHVHDUFK UHVXOWV RI UHOHYDQW
FRXQWULHV WDNLQJ LQWRFRQVLGHUDWLRQ WKHGLIIHUHQFHVEHWZHHQFRXQWULHV LQ WUDIILF UHJXODWLRQDQG URDGXVHU
EHKDYLRU $Q H[DPSOH RI DQ LPSDFW FRHIILFLHQW LV WKDW EXLOGLQJ D QHZ URXQGDERXW UHGXFHV DFFLGHQWV
LQYROYLQJ YXOQHUDEOH URDG XVHUV E\  KDV QR HIIHFW RQ DQLPDO DFFLGHQWV DQG UHGXFHV YHKLFOHRQO\
DFFLGHQWVE\
5RDG LPSURYHPHQWPHDVXUHVFDQDOVRDIIHFW WKH VHYHULW\RIDFFLGHQWV VWLOORFFXUULQJRQ WKH URDG
DIWHU WKH WUHDWPHQW 7$59$ WDNHV WKHVH HIIHFWV LQWR FRQVLGHUDWLRQ ZLWK VHYHULW\ FKDQJH FRHIILFLHQWV






7KH VDIHW\ HIIHFWV RI URDG LPSURYHPHQWV DUH HYDOXDWHG XVLQJ (% PHWKRG ZLWK WKH VDPH GDWD DQG
GHILQLWLRQVIRUDOOSXEOLFURDGVLQ)LQODQGWKURXJK7$59$7KHPLQLPXPLQSXWLVLZKDWLVWKHPHDVXUH
DQGLLZKHUH LV LW LPSOHPHQWHG7KHUHDUHDOPRVWSUHGHWHUPLQHGPHDVXUHV LQ WKHSURJUDPDQG WKH
XVHUFDQGHILQHKLVKHURZQPHDVXUHV
7KH UHVXOWVRI WKHFDOFXODWLRQVDUH WKHFXUUHQW VDIHW\ VLWXDWLRQRQ WKHPRGLILHG URDGQHWZRUNDQG WKH
VDIHW\HIIHFWVRILPSURYHPHQWV\HDUO\LQMXU\DFFLGHQWVDQGIDWDOLWLHV7KHUHVXOWVVKRZWKHVDIHW\HIIHFWV
LQ WRWDO DQG ZKLFK PHDVXUHV KDYH FDXVHG WKHP $OVR HFRQRPLF ILJXUHV DUH SURGXFHG WR GHVFULEH WKH
HIIHFWLYHQHVVRIVDIHW\LPSURYHPHQWV
7$59$ UHVXOWV HVWLPDWHV RI \HDUO\ DYRLGHG LQMXU\ DFFLGHQWV DQG IDWDOLWLHV FDXVHG E\ URDG










+DYLQJ VDPHNLQGRI WRROV DQGGDWDEDVHV HQDEOHV FRPSDULVRQVRI VDIHW\ IHDWXUHVEHWZHHQ DUHDV$Q
H[DPSOHRIWKLVLVVKRZQLQ)LJ&RPSDULVRQEHWZHHQ)LQODQGDQG/LWKXDQLDVXJJHVWWKDWWKHJUHDWHVW





7KH UHG FROXPQV LQ )LJ  VKRZ WKH DFFLGHQW ULVN YDULDWLRQEHWZHHQ)LQQLVK URDGGLVWULFWV7KH ULVN
GLIIHUHQFHV DUH SDUWO\ FDXVHG E\ GLIIHUHQW GLVWULEXWLRQ RI YHKLFOH PLOHDJH EHWZHHQ UHJLRQV 7KHVH






















KRXVLQJ PDLQ DQG PLQRU URDGV 7KHVH GLIIHUHQFHV ± VKRZQ DV WKH GLIIHUHQFH EHWZHHQ UHG DQG EOXH
FROXPQV LQ)LJ  ± DUH HVVHQWLDO IURP WKH VWDQGSRLQW RI ORFDWLQJ KLJKULVN URDGVRU DUHDV ,W LV HDV\ WR
GHWHUPLQH IURPZKLFK URDGJURXSV WKHGLIIHUHQFHV DUH HPHUJLQJ ,Q IDFW WKLV NLQGRI DQDO\VLV UHYHDOHG
H[FHSWLRQDOO\KLJKIDWDOLW\ULVNVLQRQHGLVWULFWRQZLGHURDGVZLWKQRKRXVLQJ7KLVDSSHDUHGWRLQGLFDWH
VDIHW\SUREOHPVZLWKPDLQ URDGVZLWKZLGH VKRXOGHUV DFFLGHQWVRQ WKHVH URDGV WHQG WREHYHU\ VHYHUH
SRVVLEO\DVDUHVXOWRIHDV\RYHUWDNLQJDQGKLJKVSHHGV
7DEOH([SHFWHGDQGDFWXDOQXPEHURILQMXU\DFFLGHQWVSHU\HDULQ±E\GLVWULFWVLQ)LQODQG
  &KDQJHFDXVHGE\GLIIHUHQFHVLQ 
'LVWULFW ,IHTXDOULVNV 5RDGFDWHJRULHV 5LVNV $FWXDOQXPEHU
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RQ)LQQLVKDQG/LWKXDQLDQSXEOLF URDGVRSHUDWLQJ LQ VHYHUDO ODQJXDJHV21+$LQFOXGHV VWDWLVWLFDO WHVWV
OLNHWKH&KLVTXDUHGWHVW
:KHQ DQDO\]LQJ FXUUHQW VDIHW\ LW LV QHFHVVDU\ WR NQRZ WKH FKDUDFWHULVWLFV RI DFFLGHQWV RQ WKH URDG
QHWZRUN ZKHUH VDIHW\ DFWLRQV DUH EHLQJ SODQQHG )RU H[DPSOH ZKHQPHDVXUHV DUH DOORFDWHG EDVHG RQ
LQMXU\DFFLGHQWVWKHUHLVDULVNRIGLVUHJDUGLQJWKHPDMRUGLIIHUHQFHVLQVHYHULW\RIDFFLGHQWV$QH[DPSOH
RIWKLVLVVKRZQLQ)LJ(YHQLIWKHQXPEHURIIDWDOLWLHVLVIUHTXHQWO\WRRORZIRUGUDZLQJVWDWLVWLFDOO\





2QH H[DPSOH GHPRQVWUDWLQJ WKH HIIHFWLYHQHVV RI FRQVLGHULQJ SHUVRQDO DQG DFFLGHQW GDWD WRJHWKHU LV
VHHQLQ)LJ$VLQPDQ\RWKHUFRXQWULHVGUXQNGULYLQJLVDPDMRUVDIHW\KHDGDFKHLQ)LQODQG,QWRWDO
RI SHRSOH NLOOHG LQ WUDIILF DFFLGHQWV GLHG LQ DQ DFFLGHQW LQYROYLQJ D GUXQN GULYHU ,Q WHUPV RI WKH
SHUVRQVNLOOHGXVXDOO\WKHGUXQNGULYHUNLOOVKLPRUKHUVHOIVRPHWLPHVDOVRVRPHRQHWUDYHOOLQJ



















IRU VHOHFWLRQRI ORFDWLRQV IRU VDIHW\ WUHDWPHQWV DQG  VDIHW\ HIIHFWV RI URDG VDIHW\ LPSURYHPHQWV WR
VHOHFW FRVWHIIHFWLYH VDIHW\ PHDVXUHV 7KH QDPH 7$59$ GHULYHV IURP WKH )LQQLVK IRU ³WRRO IRU
HVWLPDWLRQRIWUDIILFVDIHW\HIIHFWVRIURDGLPSURYHPHQWVXVLQJLPSDFWFRHIILFLHQWV´










7KH 7$59$ SURMHFWV KDYH EHHQ IXQGHG E\ WKH )LQQLVK 7UDQVSRUW $JHQF\ WKH )LQQLVK 7UDQVSRUW
6DIHW\ $JHQF\ DQG WKH /LWKXDQLDQ 5RDG $GPLQLVWUDWLRQ LQ FRRSHUDWLRQ ZLWK 9LOQLXV *HGLPLQDV
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